
THE ACTIVITY OF THE CONTRACTILEVACUOLEIN A
SUCTORIAN (TOKOPHRYAINFUSIONUM) x

MARIA A. RUDZINSKAANDROBERTCHAMBERS

Department of Biology, Washington Square College of Arts and Science, New York University,
and the Marine Biological Laboratory, Woods Hole, Massachusetts

This paper deals with a study of the behavior of the contractile vacuole during
several functional phases in the life of Tokophrya injusionum, a protozoon of the

Class Suctoria.

The Tokophrya has proved to be exceptionally favorable: (a) The sedentary
habit of the adult facilitates observation on the contractile vacuole during all periods
of its activity, (b) The food supply can be regulated since the organism feeds only
on living ciliates. (c) The contents of the prey are incorporated by being sucked

out through the predatory tentacles of the host. This eliminates the complication
of having water introduced, a usual accompaniment of the formation of food vacuoles

in other protozoa, (d) During reproduction a parent organism persists, since

Tokophrya reproduces by the formation of a succession of "embryos" in temporary
brood pouches.

GENERALDESCRIPTION OF TOKOPHRYA

Tokophrya, a fresh water, sessile suctorian, possesses a spheroidal or pyriform

body with an average diameter of 17 to 50 micra. Two bundles of straight, motion-

less, sucking tentacles (5-20 in each bundle) extend, one from each side of the body

(Fig. 1A). The contractile vacuole, of which there may be two, rarely three, has

an average maximum diameter of 10 micra. Feeding starts as soon as the prey,

generally consisting of small living ciliates, becomes attached to one or several tips

of the extended tentacles. One Tokophrya may feed simultaneously on ten or more

ciliates, each of which may be several times the size of the Tokophrya. In a

starved Tokophrya the body is translucent and the macronucleus is then clearly

visible. During feeding, the body becomes opaque and filled with numerous dark

food vacuoles. With time these vacuoles become increasingly translucent and

finally disappear within 2448 hours. The capture of the swimming prey depends

upon its chance contact with the tentacles of the Tokophrya. Shortly after being

caught, the prey becomes motionless and, a few seconds later, granules of cytoplasm
from the prey can be seen to flow through the hollow tentacles into the host.

Within 5 to 10 minutes the prey progressively shrinks in size and, after 25 minutes

or more, only a spherical remnant is left, which becomes detached and disintegrates.

It is of interest to note that the contractile vacuole of the prey continues to pulsate
until just before the prey is reduced to the discarded small remnant.

Tokophrya reproduces by endogenous budding, the bud being produced within

a temporary vacuole, the so-called "brood pouch." A well-fed individual is able

1 This work was supported through funds from the National Cancer Institute of the

U. S. Public Health Service.
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to produce as many as twelve embryos successively during 24 hours. The first

indication of budding is the formation of the brood pouch which appears as a large

triangular vacuole at the apical region of the body. After a few minutes the vacuole

becomes crescentic as it progressively encircles one of the two mitotically produced

A

B
FIGURE 1. A. An adult Tokophrya infusionum with two bunches of tentacles, a stalk

with an attachment disc, one contractile vacuole and a macronucleus. B. An abnormal case of a

Tokophrya infusionum in which a young adult persists in the brood pouch. There are five

bunches of short tentacles and five contractile vacuoles. The enclosed young Tokophrya has

one contractile vacuole and five tentacles, the tips of three of which are in contact with the wall

of the brood pouch.
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micron uclei, together with some cytoplasm and a small portion of the macronucleus.

The embryo, thus constituted, is pinched off, becomes ciliated and rotates within the

brood pouch for about 10 to 20 minutes before it is ejected to the exterior. The
whole process, from the time of the formation of the brood pouch until the liberation

of the embryo, lasts for a little more than an hour. The liberated embryo swims for

several minutes to several hours after which it becomes attached, loses its cilia and

is transformed in the next few minutes into a mature form. The development and

subsequent ejection of the embryo in Suctoria has been fully described by Collin

(1911, 1912), Penard (1917-23), Pestel (1931), Noble (1932).

MATERIAL AND METHODS

The material for this study was obtained in the spring of 1948 through the

courtesy of Dr. Daniel Lilly, St. John's College, Brooklyn, New York, from a pond
in the vicinity of Laurelton, New York. From one of several mass cultures, 20

pure line cultures of Tokophr\a infitsionuin were started. These were maintained

in standing drops on microscopic slides bounded by walls of thick vaseline or a mix-

ture of paraffin and beeswax. All the cultures were kept in large moist chambers

and transfers were made weekly.
Bacteria-free cultures were obtained by transferring a free swimming embryo

through several washes of autoclaved Great Bear Spring water. The ensuing prog-

eny were maintained throughout in autoclaved water. The food supply consisted

of bacteria-free cultures of Tetrahymena geleii. These were grown in a proteose-

peptone medium. The cultures of Tokophrya were fed with Tetrahymena three

times a week and were transferred to fresh media every three to four weeks.

The contractile vacuole always undergoes complete contraction. Its pulsation
rate was recorded by means of a stop watch and its diameter was measured when
at a maximum just prior to its periodic expulsion. These measurements were used

to calculate the amount of fluid expelled over a given period of time. All studies

were made at room temperature.

EXPERIMENTAL

The contractile vacuole during feeding

Fifty individual Tokophrya, selected from pure cultures, which had been main-

tained without food for 12 to 24 hours, were mounted singly in hanging drops.

Into these drops were introduced one, two or three Tetrahymena as food. It was

found that in every case the pulsation rate increased suddenly after attachment of

the prey, remained high during feeding, and fell abruptly at the termination of the

feeding. On the other hand, the maximum diameter was found to vary in differ-

ent individuals. Out of the 50 examined, it was larger in two. remained the same

in 24 and was smaller in 24, during than before feeding. No significant differences

were obtained as to pulsation rate or diameter, irrespective of whether the individu-

als were fed simultaneously on two, three or four Tetrahymena.
Table I presents the values obtained in one individual which was fed with one

Tetrahymena and in which the maximum diameter of the contractile vacuole was

less during than before feeding. The table presents in four columns ( 1 ) the inter-

vals, in seconds, between six successive pulsations, (2) the average maximum diam-

eters, in micra, of the contractile vacuole, (3) values calculated from the average
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TABLE I

Activity of the contractile vacuole of a Tokophrya before, during and after feeding
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amount of fluid expelled in 1 second, and (4) the average number of systoles in one

hour. From these figures it can be seen that the amount of fluid expelled by the

vacuole averaged six times more during than before feeding. The amount of

fluid expelled immediately after feeding was still three times as great as before

feeding.

The characteristic features in these experiments are the sudden acceleration

of the pulsation rate when feeding started, the increased amount of fluid expelled

during and a gradual deceleration of the rate after feeding.

Figure 2 presents graphically this phenomenon. To be noted is the steepness
of the upward slope representing the increase of fluid expelled when feeding has

begun. The following horizontal part of the curve shows the constancy in the

activity of the contractile vacuole during feeding. The subsequent rapid fall of the

curve represents the decrease when feeding had ceased. Following this the curve

drops gradually and, 35 minutes after feeding, is still far from the low level before

feeding. Measurements were continued up to several hours after feeding at which

time the level was still appreciably high.

Table II presents a striking fact that the increase in volume of the Tokophrya

during feeding is appreciably less than might be expected on the basis of the volume

of the food ingested. One Tetrahymena is about two to ten times larger than one

TABLE II

Volumes of three spherical Tokophrya before and after feeding. The three individuals were fed
with one, two and three Tetrahymena respectively
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calculated from the estimated volume of the ingested Tetrahymena (44,000 //.

3

) and
the amount of excess fluid expelled by the contractile vacuole of the Tokophrya dur-

ing feeding (roughly 40,000 /x
3

) minus the amount of fluid (6,300 /x
3

) expelled be-

fore feeding. The figure, 10,300 ^, which is 44,000 - (40,000 -
6.300), closely ap-

proximates the value of 10,000 /x
3

, shown in Table II, of the Tokophrya fed with

one Tetrahymena.

The contractile vacuole during reproduction

Experiments were performed to determine the effect of reproduction on the

activity of the contractile vacuole. Unfed Tokophrya were used. Some were

young adults kept without food since metamorphosis, others were adult Tokophrya
which had been maintained without food for at least 12 hours.

It was found that the process of reproduction greatly accelerated the pulsation
rate of the contractile vacuole and the amount of fluid expelled. This accelera-

tion was progressive, starting from the time the brood pouch could be seen begin-

ning to form, and reaching a maximum when the ciliated embryo was being com-

pleted as an isolated individual within the brood pouch. From that time on, the

activity of the contractile vacuole of the mother decelerated, fell greatly by the time

the embryo was expelled and still more so when the expulsion was complete. This

last value was below the level determined at the beginning of the experiment and is to

be interpreted as that of the individual before the reproductive process had started.

At the time when the observations were made, the brood pouch had already begun
to form and, therefore, the activity of the contractile vacuole presumably was al-

ready on the increase.

TABLE III

Activity of contractile vacuole in a Tokophrya during reproduction
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started to be formed until the peak is reached when the embryo was fully de-

veloped. The subsequent fall represents the decrease of the vacuolar activity

after the completed growth of the embryo.
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FIGURE 3. Successive changes in the amount of fluid expelled during the reproductive

period. The abscissae give the time in minutes ; the ordinates, the amount of fluid in M
3

cal-

culated for 1 sec. Data from Table III.

The contractile vacitole in individuals with abnormal reproduction in which the em-

bryo underu'ent metamorphosis but persisted as an adult unthin the brood

pouch

The contractile vacuole of these abnormal Tokophrya (Rudzinska, in press) was

studied in order to ascertain whether the presence of the young adult, completely
enclosed within the mother and with its tentacles attached to the wall of the brood

pouch, had any effect on the activity of the contractile vacuole of the mother. In the

six abnormal Tokophrya studied, it was found that the mother developed large,

supernumerary contractile vacuoles which pulsated at a faster rate than normal.

This is shown in Table IV, which is to be compared with Table I.

Of these abnormal individuals, four had been kept unfed. The remaining two

were fed and in these the effect of feeding was evident by the still greater accelera-

tion of the activity of the contractile vacuole.



56 MARIA A. RUDZINSKAAND ROBERTCHAMBERS

TABLE IV

Activity of three contractile vacuoles in a Tokophrya with a young
adull persisting within the brood pouch
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The increased rate of pulsation during reproduction has also heen described in

the literature. Unger (1925, 1926) studied the activity of the contractile vacuole

of Paraincciiiin candatnin, P. aurelia and P. calkinsi in connection with their division

rate and during endomixis. He found a relation between a reduction in the pulsa-
tile rate of the contractile vacuole and a reduction in the rate of division and of

endomixis. Dimitrowa (1928) observed that at the beginning of mitosis in

Parameciuin caitdatinn two additional contractile vacuoles appear and claimed this

to indicate increased excretory activity. Pestel (1931) observed that the first

sign for endogenous budding in Dendrocouietes paradoxes, a suctorian, is the forma-

tion of a small contractile vacuole in that part of the cytoplasm which is destined to

be the embryo.
A feature of this paper is that it has been possible to show in the same species,

Tokophrya, three kinds of functional activity to each of which the contractile vacu-

ole responds specifically. These are a response (1) to feeding, (2) to the process
of reproduction, and (3) to the parasitic existence of the offspring enclosed within

the body of the host.

SUMMARY

1. Evidence is presented for the existence of a close relation between the be-

havior of the contractile vacuole and several phases of the functional activity of

Tokophrya infusionum.
2. When the process of feeding starts the pulsation rate of the contractile vacuole

rises suddenly, remains high during feeding and falls gradually on cessation of the

feeding process. It is significant that the pulsation rate remains comparatively

high for several hours after the termination of the feeding.

3. During reproduction the pulsation rate of the contractile vacuole increases

as soon as the endogenous budding starts, rises and remains high until the ciliated

embryo has become separated within the brood pouch. This moment is the high

peak of the vacuolar activity. The pulsation rate subsequently begins to decrease

and falls greatly upon expulsion of the embryo. After expulsion, which lasts

several minutes, the pulsation rate of the contractile vacuole drops still lower.

4. Unusually accelerated activity of the contractile vacuole was noted in those

cases in which metamorphosis of the embryo occurred within the parent and the

resulting young adult persisted with the tips of its tentacles attached to the wall of

brood pouch.
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